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7KLV SDSHU LQWURGXFHV WHFKQRORJ\ DQDO\VLV DQG RSWLPL]DWLRQPHWKRG5KLQRFHURV DQ DUFKLWHFWXUDOPRGHOLQJ SURJUDP LV XVHG
DORQJZLWKLWVJUDSKLFDODOJRULWKPHGLWRU*UDVVKRSSHUDQGLWVSOXJLQODG\EXJDQGKRQH\EHHZLWKDVLPSOLILHGWRROIRUEXLOGLQJ
WKHUPDOHYDOXDWLRQIRU WKHSXUSRVHRIPLQLPL]LQJ WKHHQHUJ\FRQVXPSWLRQDQGPD[LPL]HWKHXVHIXOGD\OLJKW LOOXPLQDQFHRIDQ






$ SDUDPHWULF UHSUHVHQWDWLRQ RI D GHVLJQ LV RQH ZKHUH VHOHFWHG YDOXHV ZLWKLQ WKH GHVLJQ PRGHO DUH YDULDEOH
8VXDOO\ LQ WHUPV RI D GLPHQVLRQDO YDULDQFH %XW DQ\ RWKHU DWWULEXWH OLNH FRORU VFDOH RULHQWDWLRQ FRXOG EH YDULHG
SDUDPHWULFDOO\WKURXJKDVDSDUDPHWHU7RGHVLJQSDUDPHWULFDOO\PHDQVWRGHVLJQDSDUDPHWULFV\VWHPWKDWVHWVXSD
GHVLJQVSDFHZKLFKFDQEHH[SORUHGWKURXJKWKHYDULDWLRQRIWKHSDUDPHWHUV.KLGPDW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6KL 6KL  XVHG PRGH )5217,(5 D FRPPHUFLDOO\ DYDLODEOH RSWLPL]DWLRQ SURJUDP DQG LQWHJUDWHG HQHUJ\
VLPXODWLRQSURJUDP(QHUJ\3OXV WR VWXG\ WKH RSWLPDO LQVXODWLRQ VWUDWHJ\ IRU DQ/VKDSH RQH VWRU\EXLOGLQJ(VVLD
=QRXGD =QRXGD*KUDE0RUFRV	+DGM$ORXDQHKDYHGHYHORSHG DQRSWLPL]DWLRQ DOJRULWKPFRXSOLQJ WKH
JHQHWLF DOJRULWKPV¶ WHFKQLTXHV WR WKH WKHUPDO DVVHVVPHQW VLPSOLILHG WRRO IRU 0HGLWHUUDQHDQ EXLOGLQJV &+(236









7KLV UHVHDUFK LV FODVVLILHG DV D VLPXODWLRQ DQGPRGHOLQJ UHVHDUFK 6LPXODWLRQ UHVHDUFK LQYROYHV FRQWUROOHG RI
VWXG\LQJWKHG\QDPLFLQWHUDFWLRQZLWKLQWKDWVHWWLQJ:HVHOHFW*UDVVKRSSHUDQGLWVSOXJLQODG\EXJDQGKRQH\EHHDV
WKHPRGHOLQJSURJUDPWRVWXG\WKHRIILFHEXLOGLQJGHVLJQZLWKVLPXODWLRQDQDO\VLVWHFKQRORJ\DQGXVHWKH*DODSDJR
WR DFKLHYH WKH FRQWURO RI RSWLPL]DWLRQ 7KH JUDVVKRSSHU LV D JUDSKLFDO DOJRULWKP HGLWRU WLJKWO\ LQWHJUDWHG ZLWK
5KLQR¶V'PRGHOLQJ WRROV/DG\EXJDQG+RQH\EHH5RXGVDULDUH WZRRSHQVRXUFHHQYLURQPHQWDOSOXJLQV
IRU *UDVVKRSSHU WR KHOS GHVLJQHUV FUHDWH DQ HQYLURQPHQWDOO\FRQVFLRXV DUFKLWHFWXUDO GHVLJQ /DG\EXJ LPSRUWV
VWDQGDUG(QHUJ\3OXV:HDWKHU ILOHV (3: LQWR*UDVVKRSSHUDQGSURYLGHVDYDULHW\RI' LQWHUDFWLYHJUDSKLFV WR
VXSSRUW WKH GHFLVLRQPDNLQJ SURFHVV GXULQJ WKH LQLWLDO VWDJHV RI GHVLJQ +RQH\EHH FRQQHFWV *UDVVKRSSHU' WR
(QHUJ\3OXV 5DGLDQFH 'D\VLP DQG 2SHQ6WXGLR IRU EXLOGLQJ HQHUJ\ DQG GD\OLJKWLQJ VLPXODWLRQ7KH +RQH\EHH
SURMHFW LQWHQGV WR PDNH PDQ\ RI WKH IHDWXUHV RI WKHVH VLPXODWLRQ WRROV DYDLODEOH LQ D SDUDPHWULF ZD\
*DODSDJRV5XWWHQ  LV D PRGXOH RI JUDVVKRSSHU ZKLFK SURYLGHV D JHQHULF SODWIRUP IRU WKH DSSOLFDWLRQ RI
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$OJRULWKPGHYHORSPHQWRIGD\OLJKWDQDO\VLV
3.1. Introduction  
8VLQJQDWXUDOOLJKWLQJDVSDUWRIDQLQWHJUDWHGDQGFRQWUROOHGOLJKWLQJVWUDWHJ\LVDNH\FRPSRQHQWRIDVXVWDLQDEOH
HQYLURQPHQWDODSSURDFKWRJUHHQDUFKLWHFWXUDOGHVLJQVLQFHLWSURYLGHVSK\VLFDOOLJKWLQJDQGRIIHUVVSLULWXDOYDOXHVDV
ZHOO 1DWXUDO OLJKWLQJ RIIHUV HQYLURQPHQWDO EHQHILWV LQ WHUPV RI VRODU JDLQ UHGXFHG HQHUJ\ ORVVHV DQG QDWXUDO





ZLQGRZ WR IORRU VKRXOG QRW EH OHVV WKDQ -*-  7KH EXLOGLQJ KDV RQH ZLQGRZ RQ HDFK ZDOO ZLWK D















3.2. Work process 
7KHSURJUDPLVFUHDWHG LQSDUDPHWULFVR WKHGD\OLJKWDQDO\VLVSURFHVVKDVD OLQN WR WKHPRYHPHQWRI WKHPDLQ
SDUDPHWHUV LQ WKH RYHUDOO V\VWHP 7KHZRUN SURFHVV LOOXVWUDWHG LQ )LJ JHQHUDOO\ FRQVLVWHG RI IRXUPDLQ VWHSV
0RGHO$ VLPSOH ER[ VKDSH RIILFH EXLOGLQJZLWK WKUHH GLPHQVLRQV RI PîPîP DQG PîPîPZDV FUHDWHG
6LPXODWLRQFRQGLWLRQV:HDWKHUILOH5DGLDQFHPDWHULDODQG*DODSDJRVVHWWLQJVDUHQHHGHGIRUVLPXODWLQJ6LPXODWH
$G\QDPLFGD\OLJKWVLPXODWLRQZDVFDUULHGRXWWRJHWWKHSHUFHQWDJHRIWKHWLPHWKDWWKHYDOXHLVPRUHWKDQO[
&ROOHFWLRQ 1XPHULF GDWD RI WKH GD\OLJKW DXWRQRP\ LQ WHVW SRLQWV ZHUH ZULWWHQ IRU 0LFURVRIW ([FHO IRU IXUWKHU
HYDOXDWLRQ7KHDOJRULWKPSURJUDPRILOOXPLQDQFHDQDO\VLVLVVKRZQLQ)LJDQG)LJ



















3.3. Results and analysis 
 &DVH$ )LJ LV WKH SHUFHQWDJH RI  WKH WLPH WKDW WKH LOOXPLQDQFH LVPRUH WKDQ /[ EDVHG RQ WHVW SRLQWV
FKDQJHVGXULQJ WKHRSWLPL]DWLRQSURFHVV)LJ)LJ)LJDQG)LJ VKRZV WKHFKDQJLQJSURFHVVRI WKH
ZLQGRZ DUHDV RI WKH VRXWK HDVWZHVW DQG QRUWK ,W LV FOHDU EDVHG RQ )LJ WKDW WKH SHUFHQWDJH JHQHUDWH WR D
PD[LPXPYDOXHGXULQJWKHRSWLPL]DWLRQSURFHVV7KHGHVLJQHUFDQVHOHFWWKHEHVWZLQGRZGHVLJQVWUDWHJ\EDVHGRQ
WKHRSWLPDO,QWKLVFDVHDIWHUDERXWVWHSVRIFDOFXODWLQJDQGRSWLPL]LQJSURFHVVWKHVROXWLRQLQVWHSKDV






















6WHS 6RXWKDUHD΃ (DVWDUHD΃ :HVWDUHD΃ 1RUWKDUHD΃
    
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ZLQGRZ ,W LV FOHDU EDVHG RQ )LJ WKDW WKH SHUFHQWDJH JHQHUDWH WR DPD[LPXPYDOXH GXULQJ WKH RSWLPL]DWLRQ
SURFHVV7KHGHVLJQHUFDQVHOHFWWKHEHVWZLQGRZGHVLJQVWUDWHJ\EDVHGRQWKHRSWLPDO,QWKLVFDVHDIWHUDERXW
VWHSVRIFDOFXODWLQJDQGRSWLPL]LQJSURFHVVWKHVROXWLRQLQVWHSKDVWKHPD[LPXPSHUFHQWDJHRIWKHWLPHWKDW











4.1. Introduction  
7KH GHVLJQ SUREOHP LV FRQVLGHUHG D VLPSOH ER[ VKDSH RIILFH EXLOGLQJZLWK WKUHH GLPHQVLRQV RI PîPîP





4.2. Work process 
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7DEOH7KH(QHUJ\3OXVFRQVWUXFWLRQ
$6+5$((;7522),($'&/,0$7(=21( 1DPH $6+5$($77,&)/225&/,0$7(=21( 1DPH
5RRI0HPEUDQH /D\HU ,1*\SVXP /D\HU
,($'1RQ5HV5RRI,QVXODWLRQ /D\HU $WWLF)ORRU1RQ5HV,QVXODWLRQ /D\HU
0HWDO'HFNLQJ /D\HU ,1*\SVXP /D\HU
$6+5$((;7:$//0$66&/,0$7(=21( 1DPH $6+5$((;7:,1'2:&/,0$7(=21( 1DPH

















6PRRWK 9HU\5RXJK 5RXJK 0HGLXP5RXJK 0HGLXP5RXJK 5RXJKQHVV
     7KLFNQHVV^P`
     &RQGXFWLYLW\^:P.`
     'HQVLW\^NJP`
     6SHFLILF+HDW^-NJ.`
     7KHUPDO$EVRUSWDQFH
     6RODU$EVRUSWDQFH
     9LVLEOH$EVRUSWDQFH
)L[HG
:LQGRZ 0DWHULDO7\SH 0HWDO'HFNLQJ ,1*\SVXP
$WWLF)ORRU1RQ5HV
,QVXODWLRQ 0DWHULDO7\SH
 8)DFWRU^:P.` 0HGLXP6PRRWK 6PRRWK 0HGLXP5RXJK 5RXJKQHVV
 6RODU+HDW*DLQ&RHIILFLHQW    7KLFNQHVV^P`
 9LVLEOH7UDQVPLWWDQFH   
&RQGXFWLYLW\
^:P.`
   'HQVLW\^NJP`
 
   6SHFLILF+HDW^-NJ.`
 
   7KHUPDO$EVRUSWDQFH
 
   6RODU$EVRUSWDQFH
     9LVLEOH$EVRUSWDQFH
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4.4. Results and analysis 
)LJLVWKHWRWDOWKHUPDOHQHUJ\FRQYHUJHVWRDPLQLPXPYDOXHGXULQJWKHRSWLPL]DWLRQSURFHVV)LJ)LJ
 )LJ DQG)LJ VKRZV WKH FKDQJLQJ SURFHVV RI WKHZLQGRZ DUHDV RI WKH VRXWK HDVWZHVW DQG QRUWK7KH













































































































































































































6WHS 6RXWKDUHD΃ (DVWDUHD΃ :HVWDUHD΃ 1RUWKDUHD΃







XVLQJ WKHJHQHWLF DOJRULWKP WKHGHVLJQVZHUHDXWRPDWLFDOO\JHQHUDWHGDQGRSWLPL]HG7KHGHVLJQHU FDQ VHOHFW WKH
EHVW ZLQGRZ GHVLJQ VWUDWHJ\ EDVHG RQ WKH DOJRULWKP SURJUDP RI LOOXPLQDQFH DQG HQHUJ\ DQDO\VLV )URP WKH
SHUVSHFWLYHRIPLQLPL]LQJ WKHDQQXDO WRWDO WKHUPDOHQHUJ\ WKHEHVWRULHQWDWLRQ LVVRXWK IROORZHGE\QRUWK7KDW
V
EHFDXVH%HLMLQJ LV KRW LQ VXPPHUDQG FROG LQZLQWHU WKHKHDWLQJHQHUJ\QHHGHG LVPRUH WKDQ WKHFRROLQJ HQHUJ\
QHHGHG 7KH UHDVRQDEOH ZLQGRZ GHVLJQ VWUDWHJ\ LV FRQGXFLYH WR LPSURYH WKH SHUFHQWDJH RI WKH XVHIXO GD\OLJKW
LOOXPLQDQFHWKHUHVXOWLVVKRZQLQ7DEOH,QWHUPVRIWKHSHUFHQWDJHRIWKHWLPHWKDWWKHYDOXHLVPRUHWKDQ/[
ZLWKWKHVDPHZLQGRZDUHDDQGVDPHVLOOKHLJKWYHUWLFDOZLQGRZKDVWKHKLJKHVWSHUFHQWDJHVTXDUHZLQGRZLVWKH








KRXVLQJFRPSOH[Automation in Construction, 22
'H.D\0'D\OLJKWLQJDQGXUEDQIRUPDQXUEDQIDEULFRIOLJKWJournal of architectural and planning research
-*-&KLQHVH'HJLQFRGHIRURIILFHEXLOGLQJ>V@
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